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ixx-ciy-Asp< 
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0> represents a sequence of 1 . 2, 3 or 4 amino acids. 
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FIBRINOGEN RECEPTOR ANTAGONISTS 

BACKGROUND OF THE INVENTION 

This invention reiates to compounds for inhibiting the binding of fibrinogen to blood platelets, and for 

fibrin formation. Piatelets are celHike ^'^^^^ £> p.S membrane 

^Lmbus^ctot in the biood. The general formu,a for the pepfdes ,s: 
HiN.(Ch)-Arg-Gly-AsiHCx>-H 

P,o.s.r.Sln-Mel-OH Mwpwtk.es *** alter cell-attachment acthlty of 

X-Arg-Gly-Asp-Ser-Y . cjds Figure 1 lists the 

sXLri"jr»T-s. , s* : ass'- — — « - 

8 ^«*X U.S. Patent No. 4.578,079, Mb. simitar tetrads having Sec .tttnuM »«h 
ThrorCys. o . ... ft1 nn 5905-5988 October 1984 describe 

of a thrombus. The tetrapeptides have the formula: 
« WAsp-Y H2NC( - NHW H(CH2)nCH(Z)COOH or Ac-Arg, wherein Z = H. NH2. or NH-Acyl and 
STi^LS amino acid 

45 glycoprotein complex llb/llla. 



75 



20 



25 



50 



Compounds of the present invention inhibit binding of fibrinogen to the platelet membrane glycoprotein 
complex llb/llla receptor and contain an amino acid sequence: 

in order to achieve binding to the llb/llla receptor. 



2 



EP 0 422 937 A1 



The present invention is a fibrinogen receptor antagonist having the following structure: 

•z z 



10 



15 



20 



25 



XX-Gly-Asp 

wherein XX represents a synthetic .-amino acid as defined below and ZZ represents a sequence of 1. 2. 3, 
" 'S^ZSSZZSZ « -d an amide bond with ZZ, and is defined as having a side chain X 

m 

I! 

<CH 2 ) n — AA— <CH 2 V— »— «— m a > 

H 



-(CH 2 )„-AA-(CH 2 )„ -NHR (ii) 
wherein: n is 0.1.2,3 or 4; 

M is°£bsSuted phenyl, either not substituted with additional groups or substituted with C,-* « ^ 
30 » SSSSTSSi cycLkyl. preferably cyclohexyl. either not substituted w,th add,t,ona. groups or 

^XSX^Z^'^ — d or unsubstituted arylmethyl or substituted or 

U ^Sy?CS chain of XX is defined by (ii) wherein n is 1. n' is 1. AA is unsubstituted pheny. and 
35 R is H. More preferably, the side chain is 



40 




— CH,-(( )>-CH 2 -NH 2 



where xx Is p-aminomethylphenylalanine. , . M ■ 

Also preferred is the side chain of XX defined by (ii) wherem n .e 1. n is 0, R * H and AA 
45 unsubstituted cyclohexyl. More preferably, the side chain is 




ch 5 — < f—m 



50 



Preferred compounds of the invention are those having selectivity over integrin 
compounds include those wherein XX is a synthetic alpha-amino acid conta-n.ng an ammo group s-de cha,n, 
as represented above by (ii). 
55 ZZ is defined as follows: 
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10 wherein* ,4 
A is H acylamido. acylaminoacylamido, acylamino-N-methylamino-acylamido; 
r' id r' are independently H. methyl, ethyl or a lower alkyl group .having , V to 5 canons 
y' Y' is S-S CH,-S S-CH 2 . CH 2 CH 2 . CH 2 . CH 2 CH 2 CH 2l CH 2 -S-S, CH 2 -S-S-CH 2 . S-S-CH 2 , and 
P r l h cmH CONH 2 CWhW, conrV CH 2 OH,C0 2 R*. CH 3 wherein R 2 is an alkyl group havng 1 to 

- 4 ^ aS. R?R* is group having 1 to 4 carbon atoms or NR 3 R + is a secondary am.no acd. or 



20 



or ZZ is 



25 



// 

N 
\ 



N-NH 



30 



35 



£ ft 



ft ft 



wherein: 

A is as defined above; 
R and R #1 are as defined above; 
40 x - y' is as defined above; 

dVTZ orTl^ndary -amino acid, preferably selected from proline, fi- ^f^'Z 
oUmylpLe r hydroxyproline. anhydroproline. thioproline. fi - methylthioprohne M - 
SSne °5pUic acid.^zetidine carboxylic ac,d.and an N-methy. aminoacd. or a D- or L- pnmary - 

45 amino acid; and 

E is as defined above; 
or ZZ is 



50 
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wherein: 

A is as defined above; 
R and R 1 ar as defined above; 
x' - y' are as defined above; 
E' is as defin d above; 



6 F t" ^IfS Preferably selected from tryptophan, phenylalanine, leucine. valine Jsoleucine >*■ 
LphthylaSVnaphlnytelanine. methionine, tyrosine, arginine. lysine, homoargmme. ormthme, h,s h d,ne. 
substituted tryptophan, substituted phenylalanine or substituted tyrosine; 
and R 5 is H or methyl; 
10 or ZZ is 



T5 



20 wherein 

a' is as defined above; 

r' and R' 1 are as defined above; 

X-y' is as defined above; 

c' is as defined above; and 
25 E is as defined above. 

or ZZ is 



30 



35 



wherein 

a' is as defined above; 
r' and R 1 are as defined above; 
X-Y' is as defined above; 



40 F* is as defined above; ... 
G' is a D- or L-o-amino acid, secondary cyclic ammo acid, or N-methyl amino acid. 

E is as defined above; and 

R 5 is as defined above. f rtrm .,i a 
The present invention also is a fibrinogen receptor antagonist of the formula 



45 



50 



ho y 

B-Q-C-C-Gly-Asp-NH-CH 



wherein* 

B represents zero one or two substituted or unsubstituted amino acids; 
Q represents H. NH. NH 2 or Ac-NH; anH 
55 X represents the side chain of amino acid XX as prev.ously defined, and 

^S^SST^SSff^ ST*Sb wherein R* is an a*y. group having 1 to 4 
L^^^iSfiS naving 1 to 4 carbon atoms or NR'R* is a secondary amino acd. or 
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N-NH 



70 



provided that when B is zero substituted or unsubstituted amino acids, then Q is H. NH 2 or Ac-NH, and that 
when B is one or two substituted or unsubstituted amino acids, then Q is NH. fn ,. nwin „ 
in a preferred embodiment of the present invention, the fibrinogen receptor antagon.st has the followng 

formula: 



15 




wherein ZZ is: 



20 



Ac-Cys C X 8 - 0H 
X Asn-Pro (Ir-AMF-Gly-Asp)-' 



25 

or 

30 



* 9 Cys-OH 
Ac-Cys UJ / 

X Asn-DiMeTzl (k-AMF-Gly-Asp > •*'" 



Exemplary compounds of the invention are: 

35 



40 



45 



50 
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Ac-Cys-Asn-Pro-(I«-AMF)-Gly-Asp-Cy8-0H; 
Ac-Cy*8-A8n-Pto-(E-AMF)-Gly-Asp-Cy8-0H ; 
Ac-Cy^-A8n-(DiMeTzl)-(L-AMF)-Gly-A8P-Cy8-0H 
Ac-Cy8-Asn-(I>iHeTzl)-<E-AMF)-Gly-A8p-Cy8-0H 
c(Aha-a-AMF)-Gly-Asp-Trp-Pro) ; 

c ( Aha- (n-AMT )-Gly-Asp-Tr p-Pro ) ; 

Ac-Cys-Asn-(DiMeTzl)(t-AChxAla)-Gly-Asp-Cys-OH; 

\ 

Ac-Cys-(DiMeTzl)-(t-AChxAla)-Gly-A8p-Cy8-0H; 

Ac-Cy7l^8^iMeTzl>-(iL-AChxAla)-Gly-Asp-Cy8-0H; 

Ac-Cys^(I>iMeTzl)-(£-AChxAla)-Gly-A8p-Cy8-0H; 

Ac-Cy8-Asn-(DiMeTzl)-(t-GuaCl«Ala)-Gly-Asp-Cys-0H; 

Ac-Cy^(DiMeTzl)-(t-GuaChxAla)-Gly-Asp-Cys-OH; 

Ac-Cy7-Asn-(DiMeTzl)-(lL-GuaChxAla)-Gly-Asp-Cys-0H; 

Ac-Cys^(DiMeTzl)-(iL-GuaChxAla)-Gly-A8p-Cys-0H; 



Ac .Cy7-A8n-(DiMeTzl)-(l-AC h3cGly)-Gly-A8p-Cy8 -0H; 

N 

Ac-Cy8-A8n-(DiMeTzl)-(t-GuaChxGly)-Gly-Asp-Cys-0H; 
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(H 2 N 



)Gly-Asp-Trp-OB; 



NH 2 



(E-AMF ) -Gly-As p-Tr p-OH ; 



Q-t-AChxAla )-Gly-Asp-Trp-OH ; 
(L-t-AChxAla)-Gly-Asp-Trp-OH; 
Q-£-AChxAla)-Gly-Asp-Trp-OH; 
(I i -^-AChacAla)-Gly-Asp-Ttp-OH; 
(E-t-GuaChxGly)-Gly-Asp-Trp-OH; 
(L-t-GuaChxGly )-Gly-Asp-Trp-OH ; 
(E-£-GuaChxGly >-Gly-Asp-Trp-OH ; 
(Ir-t-GuaChxGly )-Gly-Asp-Ttp-OH ; 




Gly-A6p-Trp-0H 




Ac-Cys-(£-AChxAla)-Gly-Asp-Cys-OH; 
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Ac-Pen-AMF-Gly-Asp-Cys-OH ; 

f — —i 

Ac-Cys-AMF-Gly-Asp-Trp-(N-MeCys )-OH ; 

Ac-Cy8^(£-AChxAla)-Gly-A8p-Trp-(N-MeCy8 ) -OH ; 

Ac-CyC(t-AChxAla)-61y-A8p-Trp-(N-MeCy8)-0H; 

i ' " * 

Ac-Cys-(DiMeTzl)-AMF-Gly-Asp-Cys-OH; 

Ac-Cy t T(DiMeTzl)-(£-ACh3cAla)-Gly-A8p-Cy8-0H ; 

— ■ ; — \ 

Ac-Cys-(DiMeTzl)-a-AChacAla)-Gly-A8p-Cys-0H; 

r ■ v 

Ac-Cys-AMF-Gly-Asp-Trp-Pro-Cys-NH 2 ; 

c(Aha-AMF-Gly-Asp-Trp-Pro) ; 
c(Ahex-AMF-Gly-Asp-Trp-Pro) ; 
c(Aha-(£-AChxAla>-Gly-Asp-Trp-Pro); 
c ( Ahex-<£-AChxAla )-Gly-Asp-Trp-Pr o ) ; 
c<Aha-a-AChxAla)-Gly-Asp-Trp-Pro ) ; 
c (Ahex- ( t-AChxAla ) -Gly-Asp-Trp-Pro ) ; 
c<Aha-(£-GuaChxGly)-Gly-Asp-Trp-Pro); 
c(Ahex-(t-GuaChxGly)-Gly-A8p-Trp-Pro) ; 
c ( Aha- (t-GuaChxGly )-Gly-Asp-Tr p-Pro ) ; 
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c<Ahex-a-GuaCtaGly)-Gly-Asp-Trp 7 *ro); 



Ac-CyrA8n-(DiMeTzl)-(£-ACtacGly)-Gly-A8p-Cy8-0H; 

and 



Ac-Cy8^Asn-<DiMeT2l)-<£-GuaChxGly)-Gly-A6p-Cy8-0H ; 



70 



Preferred compounds are: 



75 



20 



Ac-Cys-Asn-Pro-CL-AMD-Gly-Asp-Cys-OH; 
Ac-Cy^Asn-(DiMeT Z l)-(L-AMF)^ly-Asp^Cys-OH ; 
Ac-Cy r Tlsn-(DiMeTzl)-(^ACh X Ala)-Gly-A8p-Cys-0H ; 



25 



C (Aha-(L-AMF)-Gly-A8p-Ttp-Pto)j 



30 



35 



and 



O 



in addition to the common three letter abbreviations used to identify common amino acids, applicants 
40 have used the following abbreviation designations: 



45 



50 



AMF 

t-AChxAla 

c-AChxAla 

t-AChxGly 

c-AChxGly 

GuaChxAla 

GuaChxGly 

DiMeTzl 

Aha 

Ahex 



aminomethyl phenylalanine 

trans-aminocyclohexylalanine 

cis-aminocyclohexy (alanine 

trans-aminocyclohexylglycine 

cis-aminocyclohexylglycine 

guanidocyclohexylalanine 

Guanidocyclohexylglycine 

Dimethyithioproline 

7-NH 2 heptanoic acid 

6-NH2 hexanoic acid 



55 



The invention also includes compositions, comprising fibrinogen receptor f^^^^J^ 
administration for promoting inhibition of platelet aggregation. 
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composition of the present invention. 
5 DETAILED DESCRIPTION OF THE INVENTION 

asg^on. Th.se compounds Ed** Vol. u. 
to liquid method well known in the art (Neurath, Bill & Boeder, cas. 

Academic Press, 1976). .„ , lu llcftfllI for Dreve ntina formation of blood clots by 

The comDOunds of the invention are specifically useful for preventing Tor ™ 1 " Preferred 

Nutt al. "Novo! Conformation* C«m-d ^^^JltooyolohoxyWoioo 
25 following general procedure: 



30 




35 



using reagent 3.5-dimethy. P yrazoie-1-carboxamidine nitrate. Methods of Enzymology 25b, 558 (1972). 



SO, NH3 7 

6 RN=C 6 r 

R-NH 2 Njjh* R-NH 



45 



K 2 C0 3 - H 2 0 



50 



KaC0 3 . as described above. Alternatively, the reactor ^ may to earned ouj n J 

P H 9). Reaction time is 24-48 hours in an aqueous system an "Jj synth sis. such as that 

impounds of the invention may be prepared ^^^S^ ^ 
described by Merrifield, J. Am. Chem. Soo. 85. Z ™*J™ W, '*™°* Pm< ? Nat , Acad . sci .. 82. 5132 
known in the art can aiso boused, such ^J^^^T^^^ma protected 
(1985). Solid-phase synthesis is commence fro* Mta JfJ^^^, ^ued Jan. 21. 1982 to 
amino acid to a suitable resin, as generally set forth in U.S. Pat nt no. 
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Rivier et al.. the disclosure of which is hereby incorporated by reference. Solution rnethod can l be used as 
described by Neurath et al. Chapter 2, pp. 106-253. Examples of synthesis of this general type are set forth 

"tZ^Z^ssZ^Z carboxy, terminai amino acid, having its *»*J> 

5 suitably protected is cova. ntiy coupled to a chloromethylated polystyrene resin o the I to. T 
chloromettiylated polystyrene resin is composed of fine beads (20-70 m.crons in diameter) of a syndetic 
Mta^wmd M>y copdymerizatlon of styrene with 1 to 2 percent divinylbenzene. The benzene ring in the 
es n ^SmSSZ in a Friedel-drafts reaction with chloromethyl methyl ether and stanmc chlonda 
iSiZSSZ reaction is continued until the resin contains 0.5 to 5 mmoles of chlonne per gram of 

,o Sn Afte Removal of the alpha-amino protecting group, as by using trifluoroacetic ac. I m methytene 
chloride the amino protected derivative of the next amino acid in the sequence is added along with a 
££L£ "uplin agent such as dicyclohexylcarbodiimide. The remain^ ^-^To^nZ 
protected amino acids are then coupled by condensation stepw.se in the desired order to obtain an 
intermediate compound connected to the resin. . . a nr oeotide .-g- a 

,, The condensation between two amino acids, or an amino acid and a peptide, or a peptide ana a 
peptide cS 2 Sed out according to the usual condensation methods such as azide <^™«£* 
anSvdride method DCC (dicyclohexyl-carbodiimide) method, BOP (benzotnazo e-1-yloxytns 
SmCLnino^osphonium hexafluorophosphate method, active ester method JjH*^ 
odThy^xysuccinimido ester method, cyanomethyl ester method, etc.). Woodward 

20 carbonyWiimidazol method, oxidation-reduction method. In the case of elongating the peptide chain .n tine 
22r3haTmrthod the peptide is attached to an insoluble carrier at the C-terminal ammo acd. For 
Suble clners^se wWch react with the carboxy group of the C-terminal amino acid to form a bond 
Z^SS^SZ later, for example, halomethyl resin such as chloromethyl resin and bromomethy 
mS hydToxymethyl resin, aminomethyl resin, benzhydrylamine resin, t-alkyloxycarbonylhydraz,de resin an 

26 ^ZX^X^T^ft protection of the reactive side^hain groups of the 
J£^J£L*«* su^lepmtecting groups at that site until the W hujmjjj removed 
after the chain has been completely assembled. Also common is the protection of the alpha-am.no group on 
a am no add of ' while L entity reacts at the carboxyl group followed by the selective removal 
^iSZ^SU group to allow subsequent reaction to take place at that location Accordmgly 
SflTSZ^ML as a step in the synthesis, an intermediate compound is produced wh,ch includes each 
of the So acid residues located in the desired sequence in the peptide chain with various of these 
°21TZh Tside^hain protecting groups. These protecting groups are then commonly removed 
sTbstentially at the same time so as to produce the desired resultant product following pur.ficat.on. 

^^pLbte^otective groups for protecting the alpha-aod omega-side ^™*%&V 
exemplified such as benzyloxycarbonyl (hereinafter abbreviated as Z). ison.cot.nyloxycarbonyl ONOC) 0 
cnfoTobenzyloxycarbonyl [Z(2-CI)], p-nitrobenzyloxycarbonyl [Z(N0 2 )].p-methoxybenzyloxycartx,nyl [Z- 
SS!SSSSS^. t-amyloxycarbonyl (Aoc). isobornyloxycarbonyl. ^f°^ bon ^. 
SSSijnSwtaU^ (Bpoc),9-fluoreny.methoxycarbonyl (Fmoc) methy UqHhj^ 
(Msc) trifluoroaStyi: phthalyl. formyl. 2-nitrophenylsulphenyl (NFS), d iP henylphosph.noth.oyl (Ppt). 
dimethylphosphinothioyl (Mpt) and the like. rv „, nh _ xv , „.„ , Cn) A 4 . 

Protective groups for carboxy group include, for example, benzyl ester (OBzl). cyclohexyl ester (onxM 
nitrobenzvTeste (ONb). t-butyl ester (OBut). 4-pyridylmethyl ester (OPic). and the tike. It ,s desirable that 
SSinfacKh as^arginine! cysteine, and serine possesing a 
45 and carboxyl groups are protected by a suitable protective group as occasion demands. F ^ exa ^P |e ' * e 
gfanS* >Z oup in arginine may be protected with nitro. p-toluenesulfonyl, ^^TSiS^ 
tyloxycarbo^yl, p-methoxybenzenesulfonyl, 4-methoxy-2, 6-dimethylbenzenesulfonyl (Mds ) 
phe^ylsulfonyl (Mts). and the like. The thiol group in cysteine may be protected with benz^. P-methoxyben- 
zyl Ihenylmethy acetylamidomethyl. ethylcarbamoyl. 4-methylbenzyl, 2.4,6-tnmethylbenzy (Tmb) etc., 
so and ZuyL^ g'roup inserine can be protected with benzyl, t-butyl. ^™WW^«c ; 

Stewart and Young, "Solid Phase Peptide Synthesis:. Pierce Chemical Company. Rockford. IL (1984) 
pJS^S*. yarding procedures for preparing P*""*^ i£%ES£ 
described on oaoes 14-18. and side-chain blockage is d scribed on pages 18-28. A table of protecting 
gro^s t amKdroxy. and sulfhydry. functions is provided on pages 149-151. These descnptions are 

55 ^rTetSS^nce has been completed, the intermediate peptide is removed from 
th re2n b Sent with a reagent, such as liquid HF, which not only cleaves the peptide^ from 

1 SSS oleaves all the remaining protecting groups from the side chain which do not interfere ,n 



30 



40 
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the cyclization reaction. Potentially reactive side chains functionalities are protected with blocking groups 
which are stable to HF. Th peptides are cyclized by any on of several known procedures (see Schroder 
and Lubk , "The Peptides: M thods of Peptid Synth sis" Vol. I. Academic Pr ss, N w York (1965), pp. 
271-286, th cont nts of which are h reby incorporated by referenc ). e.g. by forming a disulfide bndge 
b tween the cysteine residues using iodin in AcOH, or air oxidation at pH 8 in dilute NH» OAc buff r. The 
polypeptide can then be purified by gel permeation chromatography followed by preparative HPLC. as 
described in Rivier et al., Peptides: Structure and Biological Function (1979) pp. 125-128. 



, 0 EXAMPLE 1 



Synthesis of aminomethy lphenylalanine as a-BOC-Cbz-p-aminomethyl-D.L-phenylalanine for use in synthesis of 
,i Ac-Cys(Pmb)-As'(vPro:(D,L-AMF(Cbz))-Gly-Asp(Bzl)-Cys-(Pmb)-OPam® 



20 



25 



(C0 2 Et) 2 

NaOEt 



({D)^Br+ AcNH-CHCC0 2 Et) 2 - AcNH —J 



To 500 ml dry EtOH (4A sieves) was added 5.9g Na (0.256m) under nitrogen, 55.67g (0.2563m) of 
acetamido diethylmalonate and 50 g (0.2563m) of p-cyanobenzylbromide. The mixture was heated to reflux 
which resulted in complete dissolution of starting materials and product. After 1 hour, the reaction solution 
30 was cooled, 1.5 liters of water was added and the precipitate was filtered to give 77.3g of crude product 
which was recrystallized from 450 ml of EtOH to give 70.56g of product (83% yield), mp 174.5-175.5 C; IR 
chcis 2.97U. (NH). 5.78 (ester) 6.0 (amide) 4.52u (CN) 
Rf (95-5-0.5 - CHCI 3 -MeOH-H 2 0) = 0.75 



35 PPO 

NMR 

CDC1 3 : 

40 1.3 (t, CH 3 CH 2 0). 2.05 (s. CH 3 C). 3.75 (s, ar-CH 2-C). 4.3 (m, CH3CH 2 -0) 6.5 (s, NH ), 7.2 (d. arom), 7.6 
(d, arom)" 

WHRC ECOH<30%HOAC ^ V» MHRC 

8:2 

To a suspension of 20g (60mm) of p-CN-benzyl N-acetyl-diethylmalonate in 200 ml EtOH - 50% HOAc 
50 (8:2) under a N 2 stream was added 4g of 10% Pd/C and the mixture was treated with H 2 in a Parr Shaker 
for 70 minutes after which period 96% of theoretical amount of H 2 was consumed. The nmxture was filtered 
through Celrte, th filtrate was evaporated in vacuo to dryness to give a solid residue which was triturated 
with EtOAc, filtered and dried to give 21.45g (90.2% yield) of product. 
IR in CHCI3 shows no CN at 4.5 u. 

Rf (95-5-0.5 CHCI 3 -MeOH-conc.NH*OH) = 0.3 (ninhydrin +) 
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ppm 



CSC1 3 



CH 2 C @3.65 singlet, CH 2 N @3.9 singlet 



10 



15 



20 



MHRc 3 



A soiution of 21g (53 mm) of N-acetyl diethyl ester p-aminomethylbenzyl ™*™*^f**™™l £ 
6N HCI was refluxed for 24 hrs. The reaction solution was evaporated m vacuo to g.ve 16.6g of product as 

solid. 

Rf (60-30-4-6, CHCI 3 -MeOH-H 2 0-NE*OH) = 0.15 



2KC1 



COOK 



25 



30 



35 



To all of p-aminomethylphenylalanine (53 mm) (prepared above) in 200 ml H 2 0 was added- ♦.gag of 



40 



Anal, calcd. for 


C18H20 N 2 CU 


calcd. 


fd 


N = 8.53 


7.99 


C =65.84 


66.65 


| H = 6.14 


6.13 



45 



50 



55 



NMR in DsO and NaOD evidenced p»duc< to toe the Cbs group on the NH.CH, and not the a-NH,. 



:ooh 



NH3 



Boc-ON — <:bsJ 



NH 
I 

Boc 



A suspension 0, 7.0, - r^TSSMC-ES » to 

3T£S KIT S£3£SS S^S P-Odoc, « o„s«sed lrom 
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EtOAc-pet Et 2 0 to giv 7.22g (79.3% yield), m.p. 133-133.5 C. 
TLC Rf = 0.35 (80-20-2, CHCh-M OH-NHiOH) 

NMR CD3OD : 1.4(Boc), 2.9, 3.15 (m, /J-CH 2 ), 4.25(s. CH 2 N), 4.3 (m, a-H). 5.1 (s,CH 2 -Cbz) 

7.2 ,7.3 (arcs, Cbz, -^^-) 



70 EXAMPLE 2 



75 



20 



25 



30 



35 



Synthesis of Ac-Cys(Pmb)-Asn-Pr<HD,L-AMF(Cb 2 )]-Glv-Asp(B2l).Cys(Pmb).0Pam ® and ultimately 



Starting with 



PMB 

Boc-Cys-O-Paa-reein , 



the aloha-amino Boc protecting group (tert-butylcarbonyl) is removed (while the Cys side-chain remains 
™tec£ ^rp-mSytoenzyl) using triiluoroacetic acid and methylene chioride. and the a-deprotected 

Se neutral^ with diisopropylethyl amine. Bocprotected Asp (benzy.) (Asp (Bz.)) is then coupled 
cysteine mediated by dicyclohexyl-carbodiimide, and deprotected with tnfluoroacetic acd 1 and methylene 
chtoride Asp is then neutralized with diisopropylethylamine. Foilowing this stepw.se proce dure o f coup ng 
will dicvclohexylcarbodiimide, deprotection with trifluoroacetic acid and methylene chlonde and neutral za- 
tion Boc-protected Gly, AMF, Pro. Asn. Cys residues are coupled ,n success^ 

AMF?a3dSy prKd by Cte (AMF (Cbz)). and the final Cys residue is again additionally protected 
by p-methylbenzyl. The final Cys is then acetylated with acetic anhydride. 
Following acetylation, the following peptide-resin is formed: 

PMB Cbz Bzl PMB 

Acetyl-Cys-Asa-Pso-CD.L-AMD-Gly-Asp-Cys-O-Pam 



Cleavage of the peptide from the resin is achieved using HF/anisole (9:1 (v/v)) to form: 

H ? 
Acetyl-Cys-Asn-Pso-CD.L-AMD-Gly-Asp-Cys-OH. 

A cvclic structure is formed by formation of a disulfide bridge between the cysteine residues. The 
pepLTs diS in 50-80% AcOH:H 2 0 at room temperature, and the so. utio n stirred du nng rap-d 
Stion of a solution of iodine in AcOH to a final concentration of 2.25 mgftnl of .odme^ After 1-2 hours 
r action time, excess b and AcOH are removed by rotary evaporation under vacuum and 
solution containing the cyclized peptide is purified using preparative HPLC In J"^ A J«^™ 
gradient at which stage the D- and L- diastereomers ar separated by conventional ™ans-™e ™ 
fait product is converted to HOAc salt by passing through an ion exchange column B>oRad AG3-X4A 
(acetate cycle). The finished peptide is: 
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Acetyl-Cy^Asn-Pro-CL-AMD-Gly-Asp-Cys-OH . 

As an alternative to forming the disulfide bridge by iodine oxidation the free ^^^^ £ 
1-5% HOAc at a concentration of approximately 2 mg/mi and the solution *^*J^™£\ 
8.5 with concentrated NH4OH. CyclizatJon is accomplished under bnsk strnng (preferably wrth a smaM 
piece of copper wire added to accelerate the reaction) during a penod of 1-4 hours at 25 . The reaction 
mixture is then concentrated as before and product purified by preparative HPLC. 

EXAMPLE 3 



The same procedure for synthesizing the cyclic peptide of Example 2 is followed, except that Pro is 
replaced with DiMeTzL 

Therapeutic Utility 

Compounds of the invention may be administered to patients where prevention urt 
inhibiting'binding of fibrinogen to the platelet membrane glycoprot™ ^^^^^t 
Thev are useful in surgery on peripheral arteries (arterial grafts, carotid endarterectomy) ana in caraw _» 
S Z^T^r* Sanfpulal of arteries and organs, and/or the 
SrSces leads to platelet aggregation and consumption. The aggregatec ! pMrt* » 
thromboemboli. Polypeptides of the invention may be administered to these surgical patients to prevent 

^Jo^ZuM^T^y used for cardiovascular surgery in order to oxygenate bloody 
JSZSZi SET* the extracorporal circuit. Adhesion is dependent or .the between 
GPIIb/llla on the platelet membranes and fibrinogen adsorbed to^^ 6 ^ £r££S 
Amer. J. Physiol., 1987. 252:H, pp 615-621). Platelets released from artifiaa surfaces show impa.rea 
Ssteticli^n. Polypeptides of the invention may be administered to prevent adhesion. 
SSer a^lSonT of these polypeptides include prevention of platelet thrombos isj 

eTSnTat a * 3a£. 7.4. mZL lor achieving inhibit ol platelet action. Vm ma, to 

«* a, p^nmoaa" aofcraloos «*fS LST„"S 
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during surgery that wou.d be caused by other materials such as aspirin or monoclone, antibodies, the 
ffects of which last hours after cessation of administration. „«„«^ oe nf «,« nresent 

The present inv ntion also includes a pharmaceutical composition comprising P^ ««h(«rt 

an effective amount of compositions of the invention. ,,„„„,♦;„„ , mm SD jrit or 

The present invention may be embodied in other specific forms without departmg J«*»«jj ° 
essential attributes thereof. Thus, the specific examples described above should not be interpreted as 
limiting the scope of the present invention. 



10 



Claims 

1. A fibrinogen receptor antagonist which comprises the sequence 
' 5 1 SSfS . svnthetic alpha-amino acid having a side-chan. X, containing a phenyl group or 



wherein XX represents a synthetic alpha-amino 
C 3 -C 8 cycloalkyl group. 

2. A fibrinogen receptor antagonist of the formula: 



20 
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XX-Gly-Asp 

3. A fibrinogen receptor antagonist of the formula: 

s o r 

B - ft - C - C - Gly - Asp - HB - CH 
i E ' 

NR 3 R* is a secondary amino acid, or 

N-NH 

N 



50 



provided that when B is zero substttuted or unsubstituted amino acids then Q is H.NH 2 or Ac-NH. and that 
when B is one or two substituted or unsubstituted amino acids, then Q is NH. 
4. A compound of claim 1. claim 2. or claim 3 wherein X is defined as 
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m 

II 

■ < CH 2 > n -AA- (CH 2 ) n ' -N-C-NHR < 1 > 



E 



« -(CH 2 )„-AA-(CH 2 ) n -NHR (ii) 
wherein: n is 0,1 ,2,3 or 4; 

" 'MrtL phenyl, either not substituted with additional groups or substituted with ft- alkyl. 

2: 222523,321 groups or substituted with c, - alKyi. alkoxy or hydroxy; and 
rTh C, -V Si substituted or unsubstituted aryl. substituted or unsubstituted arylmethyl. or substituted 

or unsubstituted cycloaikyt. *— It i ae , ,. „. n/ or v . 

5. A compound of claim 2 wherein ZZ is 1, 2, 3 or 4 amino acids accord.ng to formulas I, II, III, IV or V. 



AA 
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•-(««-Sk ) .A, f V 



A 
O 
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(XL) 



10 



A 



20 



25 



0 C "~-6of-dl r A Jr V -HU 



30 wherein 



A is H acylamido, acylaminoacylamido, aeylamino-N-methylaminoacylamido; 
R' and R' 1 are independently H. methyl, ethyl or a lower alkyl group having 1 to 5 cartons; 
X'-Y is S-S CH 2 -S, S-CH 2 . CH 2 CH 2 . CH 2 .CH 2 CH 2 CH 2 . CH 2 -S-S. CH 2 -S-S-CH 2 . S-S-CH 2 . and 
E' is H COOH CONH 2 , CONHR 2 . CONR 3 R*. CH 2 OH.C0 2 *.CH 3 wherein * is an alkyl group having , 1 to 
* 4 carbon atoms, R'R* is an alkyl group having 1 to 4 carbon atoms or NR 3 R* is a secondary ammo acd. 



40 



N-NH 

N 



45 



b' is a D- or L- a-amino acid; 

C' is a D- or L- secondary a-amino acid or a D- or L- primary a-amtno acid; 

50 G' isTl> oTL^ino acid, secondary cyclic amino acid, or N-methyl amino acid; and 
R5 is H or methyl. 

rSlX: — - proline. , methy.prc.ne. dimethylprol, . JJ^ 
S5 anhydroproline. thioproline. H -methylthioprolin . fi.fi - dlmethylthioprohne. p.pecohc acd. az trine carbox 

vlic acid and an N-methyl amino acid; and »^„-«„ a ainha- 

? is selected from the group consisting of tryptophan, phenylalanine, leucne. vaHrc>. 

naphthylaianine, ^naphthylaianine. methionine, tyrosin . arginine. lysin . homoargmine. orn.th.ne. h.sfd.n . 
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substituted tryptophan, substituted phenylalanine or substituted tyrosine. 
7. A compound of claim 4 which is 



TO 



T5 



Ac - CyT^Asn - Pro - (L-AMF) - Gly - Asp - Cys - OH 
8. A compound of claim 4 which is 

Ac - CyT- Asn - (DiMeTzl) - (L-AMF) - Gly - Asp - 
Cys - OH 



9. A composition for inhibiting fibrinogen-dependent platelet aggregation in a mammal comprising a peptide 
of claim 1 and a pharmaceutical^ acceptable carrier. 

10. The use of a peptide of Claim 1 for the manufacture of a medicament suitable for inhibrting fibrinogen 
binding to mammalian platelets. 

20 11. A composition for inhibiting fibrinogen-dependent platelet aggregation in a mammal compnsing a 
peptide of claim 2 and a pharmaceutical^ acceptable carrier. 

12. The use of a peptide of Claim 2 for the manufacture of a medicament suitable for inhibiting fibnnogen 
binding to mammalian platelets. 
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